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A large portion of a model’s usefulness 
comes from its ability to provide 

understanding and insight to the right people

What is the next best thing to 
immersing oneself in the model?

But often the “right people” are not modelers 
themselves
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Storytelling…with data!

Source: Washington Post, http://www.washingtonpost.com/wp-srv/special/local/dc-recovered-guns/
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Aspects of storytelling

Visual – a picture is worth 
a thousand words

Interactive – choose your 
own adventure

Data-driven – real 
decisions need real data

Model-driven – towards 
an artificial environment

Narrative –primal, gives 
the message meaning

narratives

data visualization

data driven stories

interactive 
dynamic models

model 
interfaces

exploratory 
modeling
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Tools for interactive storytelling

Vensim, Powersim Studio, Ithink/Stella

Forio
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Tableau

Tools for interactive storytelling
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Example: Goats in developing nations

Testing, communications, 
and decision-making 

model

Population dynamics model

Animals in 
the country

Animals in 
quarantine

Perceived 
prevalence

Outbreak 
declaration

Contagion model

ExposedSusceptible Infected Recovered

Response

Response
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Given limited budget and uncertainty 
about the disease, should we:

Improve accuracy of tests

Improve quarantine and treatment facilities

Improve turnaround time for outbreak declaration

Shorter lag time between positive test and information 
dissemination 

Better sensitivity and specificity – tests have fewer false 
positives and false negatives

Lower contact rate among goats in facilities

Secure borders

Lengthen mandatory quarantine

Fewer goats skirting/skipping quarantine

Larger facilities to handle longer residence time
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Let’s build a storytelling viz…



Cheers!
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Backup
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Scenario description
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P(infection) for animals entering country
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 Peste des petits ruminants (PPR)
 One of the most economically important 

animal diseases in areas that depend on 
small ruminants (goats, sheep, etc)

 High mortality (reaching >50%) and 
morbidity (>90%)

 Transmission by aerosols and direct 
contact, potentially fomites

 Infected animals develop discharge from 
eyes, nose after 4-6 days, lasting ~5 days

 Recovered animals probably have life-long 
immunity

 For 10 days, 10% of incoming animals 
are infected with PPR

Goat image courtesy: K. Ahmad et al., 2005



Model description

Testing, communications, 
and decision-making 

model

Population dynamics model

Animals in 
the country

Animals in 
quarantine

Perceived 
prevalence

Outbreak 
declaration

Contagion model

ExposedSusceptible Infected Recovered



Disease epidemic model
Bringing flows from location model to SEIR model

14



Population dynamics model

15

Bringing flows from SEIR model to population model



Biosecurity communication model
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Testing Communication Decisions



Detection and communication description
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Time windowed cases received by central office

3

1.5

0

0 18 36 54 72 90 108
Time (Day)

Average cases received at central office over time window : Current

Case threshold for decision : Current

Decision made at central office : Current

Fraction SEIR for animals entering the country[I] : Current



Scenario: Disease Outbreak
 10,000 animals (all susceptible) in general population

 10 animals per day incoming and outgoing

 50% of animals pass through secure checkpoints
 Good testing practices at secure checkpoints, mediocre at less secure

 7 day delay from testing location to central office

 At less secure checkpoints, 50% of animals bypass quarantine

 Quarantine time = 5 days

 Disease not naturally endemic
 Infectivity = 0.6, Contact rate [Pop] = 2.0, 

 Contact rate [Quar] = 0.2, Mortality rate = 0.2

 Baseline prevalence = 15%, outbreak declared at 18%

 No change in policies if outbreak declared
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Results of the base case scenario - deaths

 7,816 deaths from disease
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Disease Status in Population
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5,000

0

0 50 100 150 200 250 300 350
Time (Day)

Animals in general population[S] : Current

Animals in general population[E] : Current

Animals in general population[I] : Current

Animals in general population[R] : Current

Loss of population due to disease

8,000

4,000

0

0 50 100 150 200 250 300 350
Time (Day)

Dead[Sec] : Current
Dead[Insec] : Current
Dead[Quar] : Current
Dead[Pop] : Current



 Initial pulse (days 10-20) not detected

 Outbreak declared on day 45

 False positives cause masking

 Central office delays “end of outbreak” decision by 20 days

Perceived prevalence at central office

1

0.5

0

0 75 150 225 300 375 450
Time (Day)

Average prevalence at central office over time window : Current

prevalence threshold for decision type 2 : Current

Effective outbreak decision : Current

Cases detected in the field per day

50

37.5

25

12.5

0

0 75 150 225 300 375 450
Time (Day)

total true positives per day : Current

total false positives per day : Current

cases detected per day at all locations : Current
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Results of the base case scenario -
communication



Options for prevention and control
 Prevention

 Lengthen quarantine time

 Improve quarantine facilities/procedures

 More animals to secure checkpoints

 Improve less secure checkpoints

 Vaccinate

 Control and mitigation
 Improve communication of infectious cases

 Improve testing facilities/procedures

 Sanitary and rapid slaughter of infected animals

 Segregation of infectious populations from susceptible

 Close borders during outbreak

 Make up loss of population through births
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Implementing the options
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Option Parameter Base Value
SME 

Estimate
Lengthen Quarantine Time Quarantine time 5 days 10 days

Improve quarantine facilities or procedures Contact Rate [quarantine] 1/5 da-1 1/10 da-1

More animals to secure checkpoints Fraction entering more secure 0.5 0.7

Improve security in less secure checkpoints Fraction skipping quarantine 0.5 0.2

Vaccinate Starting fraction immune 0 0.1

Improve communication of infectious cases Total communication time 7 days 3 days

Improve testing facilities or procedures

Improve sensitivity/specificity across the board Sensitivity and Specificity
0.75/0.85, 
0.6/0.7

0.8/0.9, 
0.8/0.9

Increase testing frequency in general population Testing frequency 1% da-1 2% da-1

Close borders Days that border can be closed 0 days 90 days



Results of individual options
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Option Total dead
Day of 

decision
No change 7816 54

Lengthen Quarantine Time (enlarge quarantine facilities) 7779 56

Improve quarantine facilities or procedures 7815 54

More animals to secure checkpoints 7814 56

Improve security in less secure checkpoints 7720 57

Vaccinate 6836 57

Improve communication of infectious cases 7816 47

Improve testing facilities or procedures - -

Improve sensitivity/specificity across the board 7816 49

Increase testing frequency in general population 7816 55

Close borders 6666 54



Low cost detection options
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 Change weighting of tested prevalence – weight checkpoint 
prevalence 2x general population prevalence

 Average over a very small window, past 2 days instead of 10

Perceived prevalence at central office

1

0.5

0

0 50 100 150 200 250 300 350
Time (Day)

Average prevalence at central office over time window : Current

prevalence threshold for decision type 2 : Current

Effective outbreak decision : Current

Outbreak decision conveyed to field : Current



Package 1: effective quarantine

25

 Consists of 4 options at full strength
 Quarantine time from 5 to 10 days

 Fraction entering secure from 50 to 70%

 Fraction skipping quarantine in less secure from 50 to 20%

 Contact rate from 1 animal in 5 days to 1 in 10

 Low-cost detection options put in place

 8 dead, breakout contained, detection improved using the low-
cost options – notification on 25th day

Deaths per day from disease by location
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0

0 75 150 225 300
Time (Day)

death from disease[Sec] : Current

death from disease[Insec] : Current

death from disease[Quar] : Current

death from disease[Pop] : Current

Loss of population due to disease
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Dead[Sec] : Current

Dead[Insec] : Current

Dead[Quar] : Current

Dead[Pop] : Current

Perceived prevalence at central office
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0

0 50 100 150 200 250 300 350
Time (Day)

Average prevalence at central office over time window : Current

prevalence threshold for decision type 2 : Current

Effective outbreak decision : Current

Outbreak decision conveyed to field : Current



Package 2: Low-cost death prevention
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 Consists of
 Employing the low-cost options

 Close borders when outbreak declared and communicated

 Decrease communication time from 7 to 3 days

 Vaccinate 5% of population

 6076 dead, detection enhanced with low-cost options and better 
communication – notification on day 17

Loss of population due to disease

7,000

3,500

0

0 75 150 225 300
Time (Day)

Dead[Sec] : Current

Dead[Insec] : Current

Dead[Quar] : Current

Dead[Pop] : Current

Perceived prevalence at central office

1

0.5

0

0 50 100 150 200 250 300 350
Time (Day)

Average prevalence at central office over time window : Current

prevalence threshold for decision type 2 : Current

Effective outbreak decision : Current

Outbreak decision conveyed to field : Current

Disease Status in Population

10,000

7,500

5,000

2,500

0

0 50 100 150 200 250 300 350
Time (Day)

Animals in general population[S] : Current

Animals in general population[E] : Current

Animals in general population[I] : Current

Animals in general population[R] : Current



Discussion (making happy goats)

2. What are the 
prevention/mitigation 
options that we didn’t 
think of?

3. How might a model 
such as this be used for 
collaborative decision-
making?
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1. Where does this model succeed? What are the 
limitations?



Basic Disease Outbreak

 Deaths: 6,180, mortality ~62%

 Disease burns out in general population at 80th day

Loss of population due to disease
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3,500

0

0 75 150 225 300 375 450
Time (Day)

Dead[Sec] : Current
Dead[Insec] : Current
Dead[Quar] : Current
Dead[Pop] : Current

Disease Status in Population
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Time (Day)

Animals in general population[S] : Current

Animals in general population[E] : Current

Animals in general population[I] : Current

Animals in general population[R] : Current
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Replacements through border?

 10% of deficit recovered through border per day

 Replacements assumed to have same SEIR fractions as general 
population

 Quarantine facilities need to handle 1000 animals per day – i.e. 
1/10th of population is in quarantine!
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Total population and replenishment

20,000
400

10,000
200

0
0

0 50 100 150 200 250 300 350
Time (Day)

total animal population : Current

animals entering country for replenishment of population : Current

Total animal deaths per day : Current

Total population by location
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Total animals in general population : Current

Total animals in quarantine : Current

Total animals at secure checkpoint : Current

Total animals at less secure checkpoint : Current



Base case with 350 day window
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Perceived prevalence at central office
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Average prevalence at central office over time window : Current

prevalence threshold for decision type 2 : Current

Effective outbreak decision : Current

Outbreak decision conveyed to field : Current

Loss of population due to disease
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Time (Day)

Dead[Sec] : Current
Dead[Insec] : Current
Dead[Quar] : Current
Dead[Pop] : Current



Effective mix 1: lengthen quarantine, improve quarantine 
procedures, secure borders, quarantine suspect populations

 Quarantine time: 5 -> 18 days

 Quarantine contact rate: 0.2 -> 0.05 per animal per day

 Fraction entering secure: 0.5 -> 0.7

 Quarantine suspect populations: off -> on

Loss of population due to disease

8

4

0

0 75 150 225 300 375 450
Time (Day)

Dead[Sec] : Current
Dead[Insec] : Current
Dead[Quar] : Current
Dead[Pop] : Current
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Questions at every step
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Brainstorming biosurveillance model

Orange signifies flow of animals, grey flow of information
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Checkpoint -
Quarantine

General population

Clinical 
awareness

Professional 
diagnosis

Sample 
collection

Transport and 
testing

Reporting and 
decision 
making

Decision 
dissemination

• How long until 
professional 
arrives?

• Will the animal 
still be in the 
symptomatic 
state when pro 
arrives?

• What is the level 
of pro’s ability?

• Will the 
symptomatic 
animal be 
detected?

• If samples are 
collected, how 
often and where?

• Where is testing 
performed?

• How long 
between 
collection and 
test result?

• How is sample 
handled?

• Efficacy of test?
• All samples 
tested?

• How long 
between testing 
and reporting?

• What are the 
rules for when an 
outbreak is 
declared?

• What policies are 
enacted when 
outbreak 
declared?

• How long to communicate 
decision to facilities?

• What gets lost in 
communication?

• Is trace-back of the 
disease a realistic option?



Brainstorming biosurveillance model

Orange signifies flow of animals, grey flow of information
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Checkpoint -
Quarantine 1

General population

Symptomatic 
animals

Decision to call 
quarantine officer

Animals diagnosed 
by quarantine 

officer

Decision to sample 
for disease of 

interest

Symptomatic 
animals

Sampling at 
checkpoints and/or 
general population

Quarantine officer’s 
threshold

Checkpoint officer’s 
threshold

Test results (true 
positive, false 
positive, true 
negative, etc)

Quarantine officer 
transport delay

Perceived 
prevalence at 
central office

Decision to change 
quarantine 
procedures

Selected policy 
options


